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Deposition of Sulfur and Nitrogen 
 

 
Dry and wet deposition data were combined to estimate total deposition of sulfur and 
nitrogen. An analysis of total deposition shows a significant reduction in atmospheric 
sulfur deposition and no trend in nitrogen deposition over the past 11 years. The MLM 
modeled VÏ were combined with measured concentration data to estimate dry deposition 
fluxes. Wet deposition data were obtained from NADP/NTN.  

 
 

 

Dry deposition fluxes of sulfur and nitrogen were 
estimated from modeled VÏ and measured concentration 
data. Maps of dry deposition fluxes for 2000 are presented 
as are maps of wet deposition data, which were obtained 
from NADP/NTN. Total deposition data (dry + wet) of 
sulfur and nitrogen were used to estimate the trend in total 
deposition of sulfur and nitrogen over the 11 years, 1990 
through 2000.

 
Dry deposition processes were simulated using the MLM 
described by Meyers et al. (1998) and Finkelstein et al. 
(2000). The MLM was run using CASTNet 
meteorological measurements and information on land 
use, vegetation, and surface conditions to calculate VÏ for 
SOÆ, HNOÇ, OÇ, and particles. Deposition velocities were 
calculated for each hour with valid meteorological data 
for each CASTNet site for the entire period 1990 through 
2000. The model procedures and aggregations are 
summarized in Chapter 1. 
 
More details on the MLM and examples of weekly VÏ and 
fluxes for a variety of land use and terrain settings are 
provided in the CASTNet 1999 Annual Report (Harding 
ESE, 2001a). Deposition velocity and flux data from 
earlier versions of the MLM can be found in the 
CASTNet Deposition Summary Report (EPA 1998a) and 
in the Supplement to the 1998 Annual Report (Harding 
ESE, 2000). 
 

Wet and dry deposition are the primary mechanisms 
that transport and deposit pollutants into ecosystems. 
Wet deposition of sulfur and nitrogen pollutants is 
commonly known as acid rain. NADP/NTN collects 
direct measurements of wet deposition. Dry 
deposition represents myriad physical, chemical, and 
biological processes that transport and deposit acidic 
compounds to the environment in the absence of 
precipitation. CASTNet provides estimates of dry 
deposition using measured pollutant concentrations 
and modeled VÏ, which simulate the variety of dry 
deposition processes. Total deposition is estimated by 
adding wet and dry deposition. 
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Sulfur Deposition 
 
MLM simulations were done separately for SOÆ and SOÅ. 
The model calculations were summed to obtain estimates 
of dry sulfur deposition (as S) for 2000 (Figure 3-1). The 
deposition rates are shown in Figure 3-1 as yellow 
diamonds. The magnitude of a deposition rate is 
illustrated by the size of the diamond. Figure 3-1 and all 
subsequent figures that show sulfur deposition utilize the 
same scale so the results are directly comparable. The 
map shows a narrow region of fluxes greater than 5.0 
kg/ha from Kentucky along the Ohio River into eastern 
Pennsylvania. The highest deposition (14.08 kg/ha) was 
estimated for QAK172. The flux data show sharp 
downward gradients from the Ohio River Valley 
northward into New England and also into Wisconsin. 
The dry deposition rates for the western sites were all less 
than 1.0 kg/ha and generally less than 0.5 kg/ha. The 
MLM was not run for those sites in Figure 3-1 with no 
numerical value adjacent to the site location, largely 
because of incomplete meteorological or LAI data used as 
model input. Additionally, the MLM was not run for the 
sites in Alaska, Hawaii, and the Virgin Islands because of 
incomplete vegetation data.  
 
Figure 3-2 depicts the percentage of dry sulfur deposition 
that resulted from deposition of SOÆ. The map shows that 
SOÆ was the major contributor to dry deposition. The 
percentage was generally above 75 percent for most of the 
eastern sites and approximately 90 percent for those sites 
near major source regions. The percentages were lower 
for a large majority of the western sites because of their 
remote locations, distances from major sources, and the 
relatively lower VÏ simulated for these more arid sites. 
Figures 3-3 and 3-4 provide maps of 2000 dry deposition 
fluxes of SOÆ (as S) and SOÅ (as S), respectively. 
 
Estimates of wet deposition utilized NADP/NTN 
measurements taken from sites nearest to CASTNet sites. 
Estimates were derived for CASTNet sites directly based 
on actual site measurements or interpolation using inverse 
distance weighting. Figure 3-5 presents wet deposition 
rates of SOÅ (as S). The map shows a large area of wet 
deposition in excess of 5.0 kg/ha from northern Alabama, 
across the Midwest, and into New England. The highest 
rates of wet deposition were recorded in northwestern 
Pennsylvania, Ontario, and southeastern New York.  

 
 
Values at western sites were generally less than 1.0 kg/ha, 
except for the three reporting sites in Washington and 
Chiricahua National Monument, AZ (CHA467).  
 
Figure 3-6 provides a map of estimates of total sulfur 
deposition. The map was constructed by adding dry and 
wet deposition, i.e., the values in Figures 3-1 and 3-5. The 
map in Figure 3-6 shows a large region with sulfur 
deposition above 10.0 kg/ha. The region extends from 
northern Alabama to New York. The highest deposition of 
22.72 kg/ha was measured at QAK172. Sharp downward 
gradients were observed from New York to Maine, 
Illinois to Wisconsin, and from Georgia to the Florida 
panhandle. Sulfur deposition at western sites was 
generally less than 2.0 kg/ha, except for the two 
Washington sites. 
 
A pie chart of the relative contributions of dry SOÆ, dry 
SOÅ, and wet SOÅ to total sulfur deposition is presented in 
Figure 3-7. The information in the figure is based on 
deposition estimates (as S) aggregated over the 34 eastern 
reference sites for the year 2000. The figure shows that 
wet sulfate deposition was the major contributor to total 
sulfur deposition, followed by dry SOÆ and a much 
smaller contribution from dry SOÅ. 
 
Figure 3-8 presents a box plot that shows the trend in 
annual total sulfur deposition over the 11 years. The box 
plot is based on data from the 34 eastern reference sites. 
The figure shows a significant decline in sulfur deposition 
through 1995 and a relatively flat distribution thereafter.  
 
 
 
 
 

An analysis of total deposition shows a significant 
reduction in atmospheric sulfur deposition and no trend 
in nitrogen deposition over the past 11 years. 
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Nitrogen Deposition 
 
Figure 3-9 presents a map of dry fluxes of nitrogen (HNOÇ 
+ NOÃ + NHÄ, as N) for 2000. This map was constructed 
by summing the individual MLM simulations for the three 
species. The nitrogen deposition rates are shown in Figure 
3-9 as blue diamonds. Figure 3-9 and all subsequent 
figures that show nitrogen deposition utilize the same 
scale so the results are directly comparable.  Most of the 
CASTNet sites in the eastern United States observed dry 
nitrogen deposition above 2.0 kg/ha, with several lower 
values along the northern tier of the network and in 
Arkansas, Florida, Tennessee, and North Carolina. The 
values at the western sites ranged from 0.27 kg/ha in 
North Cascades National Park, WA (NCS415) to 2.88 
kg/ha at JOT403.  
 
Figures 3-10 through 3-12 illustrate dry nitrogen 
deposition (as N) produced by HNOÇ, NOÃ, and NHÄ, 
respectively. The figures show that dry HNOÇ deposition 
was the principal contributor to dry nitrogen deposition. 
 
A map of 2000 wet deposition of NOÃ plus NHÄ (as N) is 
given in Figure 3-13. The figure shows a large area from 
the Midwest (Wisconsin to Tennessee) across southern 
New England with deposition rates in excess of 5.0 kg/ha. 
Values at the western sites ranged from 0.30 kg/ha at 
Pinnacles National Monument, CA (PIN414) to 2.16 
kg/ha at JOT403.  
 
A map (Figure 3-14) of total nitrogen deposition (as N) 
was constructed by summing the estimates of dry and wet 
deposition. The figure shows that the majority (all but 
four) of the eastern sites recorded deposition rates above 
5.0 kg/ha. Values above 10.0 kg/ha were observed in 
Ohio, Pennsylvania, and New York. The values at the 
western sites ranged from 1.32 kg/ha at Yellowstone 
National Park, WY (YEL408) to 5.04 kg/ha at JOT403. 
 
A pie chart of the relative contributions of dry and wet 
deposition of nitrogen species to total deposition for 2000 
is given in Figure 3-15. The data show that wet NOÃ 
deposition is the largest contributor to total nitrogen 
deposition followed by wet NHÄ, dry HNOÇ, dry NHÄ, and 
dry NOÃ. 
 

 
 
Figure 3-16 presents a box plot that shows the trend in 
total nitrogen deposition (as N) over the 11 years. The 
figure shows no significant trend. 
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Figure 3-1. 2000 Total Dry Sulfur (SOÆ +  SOÅ) Deposition (as S) (kg/ha) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
    
    
Figure 3Figure 3Figure 3Figure 3----2222. 2000 Percentage of Total Dry Sulfur Deposition from SOÆ
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Figure 3Figure 3Figure 3Figure 3----3.3.3.3. 2000 Dry SOÆ Deposition (as S) (kg/ha) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3Figure 3Figure 3Figure 3----4.4.4.4. 2000 Dry SOÅ Deposition (as S) (kg/ha) 
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Figure 3Figure 3Figure 3Figure 3----5.5.5.5.    2000 Wet SOÅ Deposition (as S) (kg/ha) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3Figure 3Figure 3Figure 3----6.6.6.6. 2000 Total (Dry + Wet) Sulfur Deposition (as S) (kg/ha) 
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Figure 3Figure 3Figure 3Figure 3----7777. Total Sulfur Deposition for the Year 2000 – Eastern United States 
 

 
Figure 3Figure 3Figure 3Figure 3----8888.... Trend in Annual Total Sulfur Deposition – Eastern United States 
 

5

10

15

20

25

30

 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

Fl
ux

 (k
g/

ha
)

-- 10th Percentile

-- 25th Percentile
*    -- Mean

-- Median

-- 75th Percentile

-- 90th Percentile

34 Reference Sites

*
* *

*
*

* * * *
* *

SO2 from Dry Deposition

SO4 from Dry Deposition

SO4 from Wet Deposition from Wet SO4  Deposition2-

 from Dry SO2 Deposition

 from Dry SO4  Deposition2-



CASTNet Annual Report-2000 

Chapter 3: Deposition of Sulfur and Nitrogen  46 

    
Figure 3Figure 3Figure 3Figure 3----9.9.9.9.    2000 Total Dry Nitrogen (HNOÇ + NOÃ + NHÄ) Deposition (as N) (kg/ha) 
 
 
 
 
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
Figure 3Figure 3Figure 3Figure 3----10101010.... 2000 Dry HNOÇ Deposition (as N) (kg/ha) 
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Figure 3Figure 3Figure 3Figure 3----11.11.11.11.    2000 Dry NOÃ Deposition (as N) (kg/ha) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3Figure 3Figure 3Figure 3----12121212.... 2000 Dry NHÄ Deposition (as N) (kg/ha) 
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Figure 3Figure 3Figure 3Figure 3----13131313. . . . 2000 Wet NOÃ Plus NHÄ Deposition (as N) (kg/ha) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
    
Figure 3Figure 3Figure 3Figure 3----14.14.14.14. 2000 Total (Dry + Wet) Nitrogen Deposition (as N) (kg/ha) 
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Figure 3Figure 3Figure 3Figure 3----15151515. Total Nitrogen Deposition (as N) for the Year 2000 – Eastern United States 

 
Figure 3Figure 3Figure 3Figure 3----16161616. Trend in Annual Total Nitrogen Deposition (as N) – Eastern United States 
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